Using cycloplegia, the change in ametropia of 113 infants was followed at 3 month intervals over the first year of life. Scatterplots of the spherical eqnivalent power show that the dioptric differences exhibit a significant myopic shift of -0.38 ds between 26 and 36 weeks and -0.38 ds between 36 and 52 weeks. The spread of the dioptric differences (95% el) does not appear to be related to the magnitude of the ametropia present and decreases with time. By 12 months of age the frequency distribution of the spherical equivalent appears to become leptokurtic as it is in the adult. On average the astigmatism was of low degree (less than 1 dioptre cylinder) and with the rule. Anisometropia was rarely seen. The results of this longitudinal study point to an optimal time for screening and perhaps prescrib ing for 'abnormal' refractive error between 9 and 12 months of age.
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The purpose of this study was to follow the pattern of development and change in refractive error in a voluntary population. As many of the parents of these infants had histories of ametropia, amblyopia or strabismus it was hoped the results of this study might show the longitudinal refractive norms for spherical and astigmatic ametropia for a local 'at risk' infant population. Early longitudinal studies 1 had a small number of participants and used a variety of cycloplegic agents. These studies reveal the mean spherical equivalent refractive error at birth to be +2.00 dioptres in full-term infants, decreasing to 1.0 dioptre at 12 months. This trend to emmetropia is confirmed by larger, more recent longitudinal studies 2 , 3 which show a decrease in hypermetropia from a value greater than +2.50 dioptres at 6 weeks and 11 weeks of age, to less than 1.0 dioptres at 12 months. Premature infants, on the other hand, appear to exhibit lower degrees of hypermetropia, with approximately half being in the myopic range at birth. This 'myopic' trend decreases so that emme tropia is achieved at 12 months. 4 Longitudinal studies of astigmatism in infancy reveal a more complicated developmental picture, with different test populations showing varying amounts of astigmatism changing both in orientation and with time. The photorefraction studies of Atkinson et al.s revealed that only 3 of 20 infants retained an error of greater than 0.75 dioptre after 18 months. They conclude that early with-the-rule (negative axis 90) astigmatism disappears rapidly in the first 18 months, leading to a preponderance of against-the-rule astigmatism at 2-3 years of age. Gwiazda et al. 6 suggest that there are equal amounts of with and against the rule astigmatism over 1 dioptre in infancy, Abrahamsson et ae indicated that there was a greater incidence of against-the-rule astigmatism which decreased between 1 and 2 years of age. However, the recent studies of Thompson 8 and Edwards 2 show that with-the-rule astigmatism is the more common in infancy.
We therefore hoped in this study partially to unravel the developmental pattern of both spherical and astigmatic ametropia and to define the extremes of the distributions of refractive error which are known to increase the risk of amblyopia and strabismus. 9 These data would provide essential normative information for screening programmes.
METHODS
Full-term infants (38-40 weeks of gestation) were recruited to the project on a voluntary basis from Stepping Hill Maternity Hospital, Stockport. Mothers were asked to bring their babies in five times during the first year: at 2 weeks, 3 months, 6 months, 9 months and 12 months after birth. This resulted in the recruitment of 113 children (52 % boys and 48% girls). There was a high incidence of family Eye (1995) 9, 551-557 © 1995 Royal College of Ophthalmologists history of squint or amblyopia in the sample (43%). Fifteen of the children attended for one visit only; therefore some degree of longitudinal data was found on 98 children. Sixty-six (66) infants managed to attend four or five times. The number of satisfactory results varied with age, the lowest being 58 refractions at the first (2 week) visit.
On each visit, the babies were tested with preferential looking acuity gratings and received an orthoptic examination including cover, motility tests and ability to overcome a 20 dioptre base out prism. One drop of 0.5% or 1% cyclopentolate was administered and depth of cycloplegia assessed by the stability of the retinoscopy reflex after 20 minutes. The 0.5% cyclopentalate was selected for use on all 2-week-old children and some of the 3-month-old children, so that any difference between refractive error found in infants who had received 0.5 % and 1 % could be assessed. When the retino- scopy reflex proved to be stable then static spot retinoscopy was carried out. Informed consent was obtained from all parents after each of these procedures had been fully explained.
Statistical Analyses
Altman and Bl and lO offered some simple graphical alternative to correlations for quantifying and representing a repeated measurement procedure. By plotting the difference between the repeated measures against the average of the two repeated measures we will be able to show the dioptric change between each visit of the spherical equivalent and cylindrical cycloplegic retinoscopy measurements. In these paired difference analyses, the earlier measure ment is always subtracted from the subsequent measurement. Matched pair t-test analysis was performed with the repeated measures and the significance level determined using the Bo nferroni
Average Sph Equiv from 26 to 36 Weeks
" z:i ". approach of decreasing the significance level to a lower probability. In this study the differences in five repeated measurements were obtained. Therefore the significance levels were altered from 0.05 to 0.0125 to take the repeated analysis into account. We report those blind retinoscopy results which were judged consistent for both retinoscopists (S.H. and 1.W.). l1
Control Experiment for Levels of Cycloplegia Decreased levels of cycloplegia using 0.5 % cyclo pentalate at 1 month did not appear to affect the refractive findings in 10 infants when the same 0.5% dose was administered to a control group of 3-month-old infants (matched pair t difference 0.33, dJ. = 9, p = 0.75).
RESULTS

Change in Spherical Equivalent Refraction
From 2 Weeks to 12 Weeks (± 2 Weeks): Table I shows the wide spread in the differences of spherical equivalent (+4.37 to -1.83 ds) in this age group. Of 64 infants participating at this stage of the project, one low myope in A became more hyperopic (+ 1.25 ds) and the low myopes in C appear to change in a myopic direction «2.00 ds). The lower hypermetropic changes in B for those 38 infants (57%) with hypermetropic error are counter balanced by the 28 infants (42 %) in D who showed slightly fewer but larger myopic changes. Table I shows there is a non-significant myopic shift and a decrease in the spread of the differences of the spherical equivalent (95% confidence intervals +2.11 ds to -2.42 ds). Table I confirms that the average small significant myopic shift of -0.38 ds occurs between 26 and 36 weeks for this sample.
Between 36 Weeks and 52 Weeks (±2 Weeks): Fig. Id The further significant -0.25 ds myopic shift is shown together with decreased spread in this group of 66 infants. This shift is the net result of a larger decrease in hypermetropia for the 44 infants (66%) in D and the smaller increase hypermetropia in those 18 infants (28%) in B. Table I shows there is a decrease in the 95% confidence interval range of spherical equivalent differences for this age group (95% confidence interval = +1.17 ds to -1.67 ds). and standard deviation of the spherical equivalent refractive error after the second visit (12 weeks) of this longitudinal study. Fig. 3 shows the spread of refractive errors at 12 months compared with a summary of work on the spread of refractive error in adults by Stenstrom, 12 Stromberg 13 and Sorsby et al. 14 By the time of the last visit (52 weeks) the distribution pattern of ametropia is similar to that in adults, taking into account the small hyperopic shift reported by Glickstein and Millodot. 15 Table II shows there is no difference in the mean refractive error between those infants with a family history of ametropia, strabismus and amblyopia and those infants without this history.
Comparison of Spherical Equivalent Over the First Year
Fig. 2 confirms the overall reduction in the mean
Change in Cylindrical Power
From 2 Weeks to 12 Weeks (�2 Weeks): Fig. 4a Analysis of the 58 infants shows that the change in cylinder powers seems to be proportional to the cylinder power averaged from 2 weeks to 12 weeks. The greatest change and reduction in cylinder power is apparent for cylinder powers greater than 1.5 dc. If these large changes are eliminated from the cylinder data set, the mean difference of 1 Fig. 4b A similar change is noted for cylinder powers above 1.00 dc for the 12-26 week period in Fig. 5b. Fig. 5c and d show that the gradual decrease in the magnitude of cylinder power continues with increas ing age. 52 weeks +/-2weeks n=6 1 Fig. 5 . Pie diagrams of the distribution of cylinder axes in infancy, showing that the majority of astigmatic infants present with with-the-rule astigmatism, i.e. negative cylinder axis set at 90.
errors over 1.50 dc were present, none of which was present before 6 months.
Axis Direction of the Astigmatic Error
Fig . 5 shows the astigmatic errors were overwhel mingly with the rule throughout the 12 month period.
Anisometropia
Anisometropia over 1 dioptre was rare and found in only 6 (1.3%) individual examinations. In children less than 6 months the anisometropia subsequently disappeared. Only 2 children of 6 months or over showed anisometropia. The anisometropia was associated in one case with a large persistent hypermetropic error of greater than 4 dioptres which subsequently disappeared. In the other case, the anisometropia did not develop to be greater than 1 dioptre until 12 months of age; it then persisted over the next 12 months.
DISCUSSION
The benefit of a longitudinal study is that it shows change. Perhaps the most significant change of the spherical equivalent refraction was the increase from near emmetropia to 2.6 dioptres of hypermetropia observed in 75% infants between 2 weeks and 12 weeks (±2 weeks). This change has not previously been documented. Some of the changes in spherical equivalent refractive error can be explained by changes in the magnitude of the cylinder compo nent. However, when the significant cylinders of greater than +1.5 dc are isolated from the analysis there is still a significant rise in hypermetropia.
Similarly the depth of cycloplegia may have influenced the resultant difference in hypermetropia between 2 weeks and 12 weeks. However, a control masked experiment using both 0.5% and 1% cycloplegia did not reveal any statistical difference in spherical equivalent. While some studies l6 , l7 have hinted that this increase in hypermetropia may be a possibility, others l , 8 are at variance with this finding. Banks l and Thompson 8 found hypermetropia greater than +2.00 ds to be normal in neonates. The small but significant decrease in the spherical equivalent hypermetropia after 26 weeks cannot be explained by either the influence of the large amounts of hyperopia decreasing or the decreasing level astigma tism. The gradual decline to low levels of hyperme tropia by 12 months is compatible with other recent studies. z , 8 The decrease in the differences of right spherical equivalent refraction between 36 weeks and 52 weeks, as denoted by the 95 % confidence intervals, perhaps indicates the stabilisation/emmetropisation of the refractive error.
Surprisingly there is no statistical difference between those infants with a family history of refractive error strabismus and amblyopia and I. C. J. WOOD ET AL.
those without a family history. However, it is likely that only 25% of those infants with refractive errors greater than +3.50 ds are at risk. 8 , 18 Taking into account the small eye effect, 15 there is no significant difference between the adult and infant distributions of spherical equivalent error.
In this study the greatest incidence and spread of astigmatic power values were found in the youngest infants. Both the incidence and spread of astigmatic error decrease by 3 months, although we did have some cases of increasing astigmatism from the 3-6 month level. This finding complements Thompson's 8 observations. However, Mohindra et al., 19 using near retinoscopy, reported low degrees of astigmatism in the youngest infants followed by an increase in incidence between 2 and 7 months. Gwiazda et al. 6 found that the highest incidence of astigmatism occurs in the first 2 years of life and is greatly reduced or eliminated by 4 years of age. All investigations show there is a gradual decline in the incidence of astigmatism from 12 months of age onward, with higher astigmatic magnitude not completely disappearing with age.
The mechanism of the change in the incidence and power of astigmatism is still not clear. Explanations vary from tensions on the horizontal extraocular muscles, 20 the eyelids on the corneal profile 21 or the presence of a large angle lambda. 22 In common with these recent studies 2 , 8 our study also shows that a high proportion of the infants display with-the-rule astigmatism. However, studies from the United States 19 -21 have found predominant against-the-rule astigmatism or a change from with to against through the year. 23 Gwiazda et al. 6 and Atkinson et al. 5 found more equal proportions of with and against the rule. There seems to be some geographic variation in this factor which is difficult to explain. Atkinson et al. 24 have suggested, using photorefraction, that against the-rule astigmatism disappears less readily than with-the-rule, leading to a preponderance of against the-rule at a later stage. Since the incidence of against-the-rule is so low in this study, and all cases of significant astigmatism at 12 months were with the-rule, the present study cannot support this suggestion. The present authors feel that with-the rule astigmatism in infants should not be regarded as 'more abnormal' than against-the-rule. Any astigma tism power over 1.50 dioptres at 12 months should be regarded as a potential amblyogenic risk factor. 9
This conclusion raises the question as to the most appropriate time for screening this age group. Our study suggests that refractive screening should not be undertaken at or before 6 months as large changes of refractive error are still occurring at this point. For instance, of 9 children in the study with hyperme tropia greater than 4 dioptres at 6 months, 5 showed a 'normal' (within 1 standard deviation of the mean) level of hypermetropia by 12 months. If spectacles had been prescribed for the high hypermetropic group at 6 months the incidence of s�uint in compliant patients might have decreased, 5 or it might not? However, the results seen here suggest that 5 of 9 (62% ) of those children would have worn spectacles needlessly. The wearing of these spec tacles mif.ht also have impeded the emmetropisation process. 1 , 27 Refractive error at 6 months was a poor predictor of children who became myopic by 12 months, as most were still hypermetropic at this stage. Furthermore, the two persistent anisometropes seen in this study were not detected until 12 months or later. The evidence of this study suggests that 12 months or later might be a better age to choose if refractive screening is to be undertaken.
